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IMTRODUCTIOH
The soybean (Glycine max Merrill) has been the prin-
cipal protelnaoeous food among ths Chlneee and Japanese
sinos ancient times. At ths present time the soybean is
a orop of largs importance in Japan, Manchuria, Mongolia
and Korea; of rapidly increasing importance in ths United
States; and of sons Talus in parts of Africa, South Amerl-
oa, Australia and India. Ths earliest record of the in-
troduction of the soybean into the United States dates
back to 1604 when it was grown in Pennsylvania. A variety
was grown in ths botanic garden at Cambridge, Massachusetts
In 162^. Many introductions have sines been mads and ths
orop has corns to occupy a prominent plaos as a leguminous
forags crop. Soybean seed have reosntly begun to assume
importance in this country as an ingredient of oattle fssds
and as a source of oil.
There are many varistiss of soybeans suitable to a
wide range of climatic conditions, and to a varisty of
Instructor's Mots: The author claims no originality for
ths planning of ths field work of Part I, which was done
cooperatively between the Bureau of Plant Industry, U. 3.
0. A. and ths Massachusetts Agricultural Experiment Sta-
tion under the authors immediate supervision. Credit is
dus ths author for ths assembling and Interpretation of
ths data of Part I; while Part II is almost sntirsly the
product of his planning, szscution and interpretation.
purposes. Some varieties are especially fit for forage,
some for soiling purposes, and still others for seed.
These large differences between varieties make selection
and testing necessary in order to insure against failure.
Over 600 varieties have been tested at various places in
the United States.
The Massachusetts Agricultural Experiment Station
has taken an important part in the introduction and
testing of soybean varieties. It was just 4o years ago
that Dr. Wm. P. Brooks grew at this station some new va-
rieties of soybeans, the seed of which he brought with
him from Japan. Ito San and Medium Green were in this
group of varieties introduced in 1690. Both of these va-
rieties are still important seed and hay producers in
northern climates*
Climatic and cultural conditions have been found to
be of large influence in the production of the soybean.
Details regarding the effect of soil type, soil and air
temperatures, and the size of seed in relation to depth
of seeding have not been worked out.
The scope of this thesis covers studies of the per-
formance of some of the important varieties of soybeans
under field and greenhouse conditions.
Part I deals with field studies and Part II with
studies made under glass.
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REVIEW OF LITERATURE
Extensive varietal experiments have been conducted
by the United States Department of Agriculture and the
various State Experiment Stations in the United States.
As most of these tests have not been carried on under con-
ditions comparable with those existing in Massachusetts
only a short review of those which have been conducted in
the Immediate region will be made. On the basis of these
tests Worse (8) has divided the country into five regions
and made recommendations of varieties. Massachusetts is
included entirely in Region 4, for which the following
recommendations were made: — "Early and medium-early va-
rieties, maturing in 100 to 120 days, for seed, hay, pas-
ture, and silags and medium varieties for hay, pasture
and silage. For seed: — Aksarben, Black Eyebrow,
Dunfield, Elton, Habaro, Ito San, Manchu, Mlnsoy, Pinpu,
Soysota, Wea, and White Eyebrow. For hay: — A. E.
,
Black Eyebrow, Ohernie, Chestnut, Ebony, Illsoy, Illini,
Ito San, Merko, Midwest, Peking, Wilson, Wilson-Five, and
Virginia. For pasture: — A. E. , Aksarben, Black Eyebrow,
Dunfield, Early Brown, Elton, Habaro, Hamilton, Hongkong,
Hoosier, Manchu, Midwest, Soysota, and White Eyebrow.
For silage: — A. E. , Black Eyebrow, Columbia, Dunfield,
Hamilton, Manchu, Medium Green, Midwest, Peking, and
Virginia."
Garber and Odland (1) studied the competition be-
tween varieties of soybeans grown in adjacent plots under
West Virginia conditions. Yields were recorded on border
rows and the inner rows of the plots. The correlation
coefficient of yield differences between border rows com-
pared with adjacent rows was + 0.049 ± 0.065 i» 192* and
+ 0.213 ± 0.056 in 1925. The figures wsre correlated in
such a manner that a negative correlation would indicate
competition between adjacent plots. As these correlation
coefficients are positive it was concluded that competi-
tion between varieties did not exist. The significant
positive correlation coefficient for 1925 indicated a
tendency for high yielding border and adjacent rows to be
associated.
In a test under favorable conditions at Arlington
Farm, Virginia (9) the following germinations of soybean
seeds, one week after planting, seeded at different
depths in pots were obtained.
Variety Per cent germination at different depths
One inoh Two inches Three inches Four inches
Mammoth 100 9* 92 64
Peking 95 92 90 86
At the Tennessee Experiment Station (9) the Ito San va-
riety failed to reaoh the surface when planted six inches
deep and the stand was poor at five inches. The stand was
- 5 -
good between the depthe of one and four inches. From
these experiments it can be concluded that the stand of
some varieties of soybeans is reduoed when seeded deeper
than four inches and even under favorable conditions
planting deeper than three Inches may lower the stand.
Kinney and Roberts (6) observed from variety tests in
Kentucky, that the small seeded varieties germinate better
than the large seeded ones in hard crusted ground. They
attribute this to the fact that the cotyledons are smaller
and encounter less resistance in breaking thru the surfaoe.
Under Iowa conditions Hughes and wllkins (5) obtained
the highest yield over a period of five years when the soy-
bean seeds were planted one half and one inch apart in the
row. The yield of seed for these spacings was over four
bushels per acre more than when the spacing was two inches.
Harter (3) observed three types of seedling Injury in
varieties of field and snap beans (Phaseolue vulgaris).
Mechanical injury in which the epicotyl was fractured just
beneath the plumule ranged from 0 to 30 per cent. The
cause was found to be due to injury in machine threshing.
Bacteria and fungi were found to be present on some of the
plants but their injury was considered to be either second-
ary or thru the diseased cotyledons. In hard crusted ground
some injury was reported as due to the cotyledons being
held by the soil thus causing the hypocotyl to break off.
PART I
CONDITIONS AMD METHODS 07 PROCEDURE
A cooperative experiment between the United States
Department of Agriculture, the Massachusetts Agricultural
Experiment Station, and the Eastern States Farmers 1
Exchange was conducted on the Station plots at Amherst
during the season of 19^9>
Twenty varieties of soybeans were selected for the
test by W. J. Morse and E. A. Hollowell of the Offloe of
Forage Crops, Bureau of Plant Industry. The seed was in-
oculated with liquid cultures Just prior to planting. The
seeding was made on May 31 and June 1 with a Columbia hand
drill. The drill is supplied with a number of different
sized cylinders and gear arrangements for adjusting the
seeding rate in accordance with the else of the seed.
Calibrations were made for each variety with corrections
for different germinations.
Each plot consisted of four rows, thirty inches apart
and twenty feet long. Bach lot of seed was replicated nine
times, making ten plantings of each strain. Ho oheck plots
were used. The plots were arranged in five parallel series.
Each variety was duplicated in eaoh series, suoh plots
being twenty plots apart. Io two plots of a variety were
in the same line in the different series as they were ad-
vanced to the fourth plot in eaoh adjacent series. Before
harvesting two feet were removed from both ends of eaoh
plot thus making the actual plot harvested sixteen feet in
length. The two outeide rows of each plot were harvested
for hay and the two inside rows for seed.
The experiment was carried out on a Hartford sandy
loam soil. The field was plowed during the fall of 1928.
Six hundred pounds of superphosphate and three hundred
pounds of muriate of potash were applied at planting time.
The fertiliser was mixed with the soil by means of an Aome
harrow. Ample cultivation kept the field free of weeds.
Harvesting for both hay and seed was done with a
short bladed scythe. In making the hay harvest each row
was weighed separately immediately after cutting. Three
samples weighing about seven pounds each were taken for
each variety from representative parts of the field.
These samples were weighed and dried at the time of har-
vest and total moisture was determined later. lach va-
riety was harvested for hay when the pods were three-
fourths filled.
The seed harvest was made when the plants had lost
their leaves or, in the case of varieties whioh did not
readily shed their leaves, when the plants were well
browned and fairly dry. The soybeans were threshed by
means of a bean thresher after which they were cleaned
with a small fanning mill to remove all dirt and other
foreign material. The lots of seed from each row were
— 8 —
weighed on a scale accurate to one-five hundredth of a
pound. The total weight of each bundle (from each row)
was obtained just prior to threehing. Straw weights were
figured by subtracting the seed weight from the total
weight.
YIELD II RELATION TO HAY AND SEED PRODUCTION
Table I gives the average yields for the varieties
tested. Dunfield and Illini were the highest hay yielders.
The difference between most of the varieties in the yield
of hay is not very significant. Minsoy, Wisconsin Blaok,
Soysota and Chestnut are the only varieties that can be
plaoed outside the hay producing class on the basis of the
yield data. Peking, Wilson 5, Mansoy, Wea and Manohu
yielded significantly lower than the best yielders so that
they may be placed in a separate group as low yielders.
As the test has been in progress for only one year no one
variety or even a small group of varieties can be selected
as best adapted to the Massachusetts conditions tested.
Soysota, Minsoy, Chestnut, and Habaro produced the
highest yields of seed. There was a relatively large
variation in the yields of the individual plots of each
variety so that the probable error is high enough to make
the yield differences between these varieties insignifi-
cant.
For a combination of hay and seed yielding qualities
Habaro and mini appear to b« the beet adapted under the
seasonal conditions of 192?*
The rainfall was so far below normal that one is not
justified in drawing any definite conclusions regarding the
yield data except that good yields of soy beane can be ob-
tained in Massachusetts during abnormally dry years.
The probable error (h) mentioned above was determined
by the method given in the following illustration in which
the seed yields of the variety Soysota are used.
The formulas used are:
Standard Deviation =
Where •n" r number of individual plot yields,
-
s* =
summation, and -d" s deviation of eaoh plot yield from the
mean.
Probable error of mean of , n« determinations
:
± Q-b74S 3.D.
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ILLUSTRATION OF METHOD
Plot Yield In bu. d (d) 2
A4 - 2 36.95 9-^9 900601
A4 - 3 33.07 5.61 314721
A24- i 20.84 6.62 438244
A24- 3 21.24 6.22 386884
B8 - 2 24.39 3.07 94249
B8 - 3 30.02 2.56 65536
B28- 2 27.41 .05 , 25
B2S- 3 29.91 2.45 60025
C12- 2 27.37 -°9 *}
012- 3 29.44 1.98 39204
032- 2 28.24 .78 6084
032- 3 25.52 1.44 37636
D16- 2 30.06 2.60 67600
D16- 3 29.84 2.38 56644
D36- 2 26.32 1.1* 12996
D36- 3 29.72 2.26 31076
llol 1 22.00 5.46 298116
E20- 3 24.94 2.52 63504
E40- 2 26.60 .96 9216
E40- 3 25.40 2.05 42025
549.19 294.4467
mean - 549.19 20 s 27.46
3(d) 2 = 294.4467
3.D. -
N
294.4467 = 3.9367
19
P.I. of mean = ±.6745 (3.9367) r .59 buehele
f2b~
The muiber of Individual eamplee la lnoreaaed by
using each row aa a aeparate plot.
12
Significance of the difference between two means 1
- e| where e1 Z the error of one wean, and e2 z the
error of the other*
Comparing the eeed yield of:
Soysota z 27.5 t 0.59
Mineoy Z 2t>-0 + 0.62
2.5 ± 0.66
He get 2.5 + 0.56 Z 2.9. *nis figure can be evaluated
by means of a probability table which giwee the odds in
this oaee of 18.* : 1. a*** »• can *•*•<>»-
ably sure that the difference i« significant and not wholly
due to random fluctuation. To be absolutely sure that a
difference is significant ths odds should be at leaet
30 : 1 against the occurrence of such a difference-
- 13
TYPE OF GROWTH
Soybeans vary in habit of growth to some extent with
soil and seasonal conditions. There is also much vari-
ation between varieties. Lodging and type of growth notes
are given in Table II for all of the varietiee tested.
Some varieties beoame more or less decumbent as the
season advanoed. The short early maturing varieties were
ereot while the othere showed a tendency to bend over and
beoome subereot early in their development with the ex-
ceptions of Peking and Medium Green which were erect.
Illsoy and Virginia showed a tendency to beoome deoumbent,
the latter produoing long twining tipe. Some of the va-
rieties started to lodge early in the season so that it
became almost impossible to eeparate lodging from subereot-
ness or decumbency. It is probable that none of the va-
rieties tested in this experiment would show any tendency
to be other than erect under conditions unfavorable
to
lodging. With a normal amount of rainfall during the
growing season many of the varieties would be apt to lodge
to a greater extent rather than less. The extreme
lodging
of Wilson 5 and Illsoy was partly due to their very
fine
stems*
Wilson 5 and Illsoy should furnish the best quality
hay as the stems are very fine. Both Habaro and Ito
San
show promise as hay varieties for Massachusetts olimatio
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conditions as they have good yielding qualities, fine
stems and an abundance of leaves. Dunfield also shows
promise of being able to esoape the early frosts and has
the fine stems and enough leaves to make a good quality
hay. The coarse stems of Harbinsoy, Medium Green, Hanchu
and Black Eyebrow lower the value of these for hay although
they should be excellent for silage. Size of stems and
leafiness are given In Table III.
With the exception of a few of the varieties, straw
yields were somewhat lower than hay yields. This differ-
ence is partly due to the loss of leaves which occurs as
maturity is reached. Mansoy and Medium Green yielded near-
ly as much straw as hay. They were frosted while Immature
and did not lose their leaves to any extent.
MATURITY AID LENGTH 07 SEASON AT AMHERST
A cold, wet spring delayed field operations so that
the soybean varieties were planted from ten to fifteen days
later than the date allowed by a normal season. If they
had been planted earlier the low temperature of the soil
would have retarded their growth and lengthened the growing
season.
The best hay yields were obtained from varieties which
mature relatively late in the season while the seed pro-
ducing varieties matured early in the season.
The number of days to hay maturity are given in Table IT.
- 16 -
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The three-fourths filled pods were used as the criterion
of hay maturity. Eighty to one hundred and five or more
days were required to reach this stage. The normal date
of first frost in the fall occurred one hundred and eleven
days after planting. The normal date of first frost is
September 19. The first frost of the season of 1929 oc-
curred on the normal date. The time required for seed
maturity varied from one hundred and seventeen to one hun-
dred and thirty-five days for the varieties which produced
seed. Those varieties in which the pods were filled when
frosted were not damaged. Those that were only partly
filled were somewhat damaged. lone of the varieties were
ripe (brown and dry) until after several frosts had oc-
curred.
The following is a description at the time of first
frost of the varieties whioh did not reach either hay or
seed maturity:
Mansoy: — Reached hay maturity but seed yield was
much reduoed by frost. Pods more than three-fourths
filled at the time of frost.
Harbinsoy: — Did not reach hay maturity but pro-
duced some Immature seed. Pods one-fourth filled when
frosted.
Medium Green: — Did not reach hay maturity but pro-
duced some immature seed. Pods one-fourth to one-half
filled at time of frost.
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Wilson 5, Illsoy, Peking and Virginia: — Reached
neither hay nor seed maturity. Pods starting to fill at
time of frost.
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FACTORS INFLUENCING THE YIELD
Soil
The variations of the yields of plots within any
given variety vere due to field variations which did not
vary in any one direction but tended toward a scattering
thruout the field. Ten replications were wade to coun-
teract any soil variations in the field.
Proximity to other varieties
There was a tendency for the yields within single
plots to vary in a given direction. As the varieties
were arranged in the series according to maturity a later
maturing variety bordered every plot on one side and an
earlier maturing variety on the other side. Out of the
133 plots from which separate row yields of hay were a-
vailable under similar conditions, 68.9 per cent yielded
less on the side bordered by a later maturing variety.
The significance of the yield of one side of the
plots over the other varied with the varieties as is
shown when they are compared by means of the "Student"
(7) method of comparing two results on the probable error
basiB. The method consists of finding the differenoe be-
tween the two yields being compared and then the mean
difference of all of the plots of the variety. The
standard devistion can be found from this by the formula
- 21
3. D.
= 1
fd*
Student* has designated the ratio of the mean to the
standard deviation ae Z which oan he evaluated by the use
of ths tables presented by Love (7)*
The method of computation is illustrated by the
following data.
BAT YIELD IH P0U1DS PER ACRE
Plot Ho.
a6
A26
BIO
B30
Cl4
03^
D1S
D38
E2
S22
Row next
to later
variety
Row next
to ear-
lier va-
nity
513*
^56
475*0
p48
5206
4802
3805
6146
47 ?4
4802
5448
6364
5126
55&6
5131*
5018
4418
10
1012
0
246
658
1070
.220
118
216
610
1930
-2*2
1024144
0
60516
432964
1144900
48400
13924
5184
46656
372100
lomwg?
314878.8
363.8
Standard deviation = J314S78.8-363.8* «
^314878.8-132290.4 -
fi&5&iA z 427.
z -S jjW = .85
Odds z 61 : 1
- 22
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In the hay yield* of the varieties Habaro, Manchu,
Illini, Mansoy, Harbinsoy and Wilson 5 the bordering later
maturing variety was of pronounced effect in lowering the
yield.
In the other varieties studied the odds are small
enough so that the differences in yield within single
plots may have been due to random fluctuation.
It appears from the size of the odds that border rows
are needed to offset the effect of competition of the ad-
jacent later maturing variety in Habaro, Manchu, Illini,
llansoy, Harbinsoy and Wilson 5 soybeans whils in such va-
rieties as Ito San, Pinpu, lea, Dunfield, Illsoy, Virginia,
Peking, Medium Green and Black Eyebrow the odds are so low
that the yields would not have been significantly changed
by the use of border rows.
As these rows were not adjacent to one another but
were separated by two other rows harvested for seed there
is some chance that the variation between these rows may
have been due to soil heterogenlety.
OOMPETITIOH II THE ROW
In order to study the competition which might exist
within any particular variety, reoord was made of the
number of plants in each row. k count was made of the
number of plants growing in two separate linear yards of
each row. The correlation coefficient between the number
of plants per row and the hay yields of all of the varie-
ties was 0.0133S ± 0.0389. Individual varieties varied to
a slight extent in both directions from this coefficient.
The correlation of the number of plants per row to the
seed yield is slightly higher in some of the varieties
than when compared with the hay yield. Within the limits
of the variation in this experiment no significant corre-
lation existed between the number of plants to the row and
the yield.
SEASONAL WEATHER CONDITIONS
During the month of April and the first three weeks
of May the rainfall was above normal and the temperature
below normal. This cold, wet weather delayed field oper-
ations so that the planting date was probably somewhat
later than it would be during a normal season.
The preoipitation (2) during the growing season was
3.92 inches. The normal for this period is 15*9 inches.
Most of the rainfall came at the beginning and the end of
the growing season. Thus the amount received by the
plants at the time of greatest growth was much less than
normal. Although the plants did not at any time show any
visible symptoms of drouth it is probable that the total
yield was lower than it would have been during a normal
growing season.
Periods without rainfall at the time of hay harvest
- 25
were of euff ioient length to allow proper curing provided
the relative humidity was low enough. Although the mean
relative humidity during this season was about ten per
oent lower than normal, oare was necessary to insure
proper curing.
During extremely wet years the curing of soybean hay
would be the major problem involved in growing this crop
for such a purpose. The high normal relative humidity
which averages about *(# for September would make ouring
difficult during any season. Even under the dry conditions
of 1929 the dew which collected on the growing plants dur-
ing the night was not off the plants by noon on the days
when the relative humidity was low. On many of the days
some surface moisture was still on the plants at five P.M.
INSECT INJURY
During the dry weather of August leaf hoppers became
more or less general over the field and a slight amount
of damage resulted with no varietal difference.
DISSASS INJURY
On the 26 of August downy mildew (Peronospora sojae
folf.)
(1
* ~s found to be developing on the Illini variety.
(1) Identified by I. L. Doran, Research Pressor of
Botany.
Massachusetts Agricultural Experiment Station.
During the following week a slight infection of this dis-
ease was found on Ito San and Virginia and a very slight
infection on Pinpu, Wea, Manchu, Black Eyebrow, Dunfield,
Mansoy and Harbinsoy. As the disease first appeared on
and developed to the greatest extent on the Illini va-
riety this may have been the source of infection. From
the standpoint of yield, the disease probably did little
damage, but during wet seasons more damage would likely
occur if the disease were present.
- 27 -
SUMMARY AND CONCLUSIONS OF PART I.
1. Hay and seed yields of 19 varieties of soybeans
were obtained under field conditions. Illini, Dunfield,
Harbinsoy, Medium Green, Virginia, Ito San, Habaro and
Illsoy varieties yielded between 2.5 and 2.S tons of hay
per aore. Pinpu, lea, Manohu, Black Eyebrow, Mansoy,
Wilson 5, and Peking yielded between 2.0 and 2A tons per
aore. Minsoy, Wisconsin Black, Soysota and Chestnut
yielded between 1 and 2 tons per acre.
Minsoy, Soysota, Chestnut and Habaro were the
best seed yielders, producing between 23.6 and 27.$ bush-
els per aore. Wisconsin Black, Ito San, Pinpu, Wea,
Illini and Manchu yielded around 20 buehels seed per acre
and Blaok Eyebrow and Dunfield about 17 bushels per acre.
Wilson 5, Illsoy, Peking and Virginia were frosted before
seed formed.
Early and medium maturing varieties are the best
seed yielders. Medium and late maturing varieties are the
best hay or forage producers. Varieties which do not ma-
ture seed may produce good yields of forage.
2. The different varieties required from k& to 9 1*
days to flower; from SO to 105 days to produce hay with
the pods three-fourths filled; and from 117 to 133 days to
form mature seed. The seed of Mansoy, Harbinsoy and Medium
Green was immature. Wilson 5, Illsoy, Peking and Virginia
2g
did not produce seed.
3. The hay yields of rows on different sides of the
same plots were compared and it was found that in some va-
rieties the yield of the rows bordering a latter maturing
variety were significantly lower than the rows of the same
plots bordering an earlier maturing variety indicating
that border rows should be placed between plots to offset
the effect of competition of the adjacent plot.
The number of plants in a row were not correlated
with the yield of hay or seed in any of the varieties al-
though the number of plants varied from 65 to 90 in differ-
ent rows of the same variety. Such fluctuations in the
stand did not cause any significant yield differences.
5» Early short varieties remained erect thruout the
season, while medium and late varieties showed a tendency
to lodge as the season advanced, with the exception of the
Peking variety which remained ereot.
6. Weather conditions during the growing season were
not normal as the precipitation was defioient whioh may
have been a factor in lowering the yield.
7* Downy mildew (Peronospora sojae Wolf.) developed
on several of the varieties during the last week of August.
Due to the lateness of the infection little damage occurred.
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PART II
IITRODUCTIOH
In the study of certain faotors affecting stand under
field conditions which are taken up in Part I, various
problems arose in oonneotion with observed differences in
the time required for the plants to appear above the sur-
face of the soil. Varietal differences were noted. The
size of seed and depth of planting of the varieties were
thought to be factors affecting stand worthy of further
investigation.
The literature records some observations and a small
amount of work in this field. Piper and Morse (9) studied
depth of planting with two varieties adapted to Virginia
conditions and found that the stand was reduced slightly
at a depth of four inches. In Tennessee (9) poor stands
were obtained when the depth of seeding was five inches.
At the Kentucky Experiment Station Kinney and Roberts (6)
observed that small seeded varieties germinated in advance
of the larger ones.
The work of Part II was planned to throw further
light on the interrelationships among depth of planting,
slse of seed and stand. Soil texture and temperature were
thought to effect this interrelationship, so these factors
were also studied.
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MATERIAL AMD METHOD3 OF PROCEDURE
SELECTION OF 3SED
The varieties used were selected because of their
adaptability to local climatic conditions and the differ-
ences in site of the seed. Habaro was ohosen as the large
seeded variety, Illini as the small seeded one and Ito 8an
because of its intermediate sise.
SOIL
The seed was germinated in three gallon glased earthen
pots. The media of growth were Hartford very fine sandy
loam and Suffield day. The hydrogen ion concentration of
both soils was at a pH of 6.5. The following are the me-
chanical analyses of the soils.
Separate Hartford Soil Suffield Soil
i
Fine gravel 0.3* O.36
Coarse sand 0.60 0.53
Medium sand 2.22 o.7«
Fine sand 15.1* 2.97
Very fine sand 6O.9I 3.20
Silt 12.3* 15. 16
day 6.17 7^.00
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TEMPERATURE
Duplicate sets of the pots were kept under two differ-
ent temperature conditions. One set wae placed in a heated
greenhouse and the other in an unheated glasshouse. The
temperature of the pote in the glasshouse was kept down
during the day, when the eun caused an excessive amount of
heat to collect, by placing them outside in the open air.
The seed was placed in the eoil at one, two, three,
four and fire inch depths. Inough soil was removed from
each pot to reach the required depth and then 100 seede
were placed evenly over the area and oovered with the exaot
depth of soil. The seed used in the tests wae grown on the
station plots at Amherst during the season of 1929- Toe
seeds were graded to a nearly uniform else and the samples
counted out at random. Table VI gives the weighte per 100
seeds as planted in the different tests.
The mean maximum temperature in the greenhouse wae
80° F. and the mean minimum was 6^° F. during the period of
germination. The greenhouse thermoetat was set so that a
night temperature between 65° and 70° F. was maintained.
During the daytime there was a gradual rise in temperature
until the maximum was reached at about noon, which wae
followed by a gradual decline until euneet. The mean daily
range was 16° F. while the mean was 72° F. These tempera-
tures are slightly above the normals for July at Amheret.
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la the glasshouse the mean temperature for the germi-
nating period was 6l° F. with a mean maximum of 77° F. and
a mean minimum of M-30 F. The mean daily range in temper-
ature was 32° F. The maximum temperature was usually of
short duration. Ixoept for these short periods the tem-
perature was below 75° *• and »ost of the time under 70° F.
The mean temperature for the entire period between planting
and the germination of the last seed was raised 4° F. by
the temperature of the seven days at the end of period
whioh were considerably warmer than any of the preoeding
days. If these seven days are exoluded from the average
the temperatures were similar to the normals for May.
Soil temperatures were recorded at 8:00 A.M. and
5:00 P.M. Separate readings were taken for eaoh soil type.
The daily averages of the readings for the germination
period are as follows:
Qreenhouse
Sandy loam 65.0° F.
Olay 6S.2° F.
Glasshouse
Sandy loam 59-0° F.
Olay 59.0° F.
During the last seven days of the germination period
the soils in the glasshouse received an excessive amount
of heat due to warm weather. As the seeds planted at the
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shallower depths had germinated this rise in temperature
affeoted only the eeeds planted at the three, four and five
inoh depths. It tended to hasten the germination of these
seeds*
DISOUSSIOI OF RESULTS
As shown by the data and graphs the deeper the seeds
were planted the longer it took the plants to reaoh the
surface. In the sandy loam soil the germination was not
reduced when the seed was placed four inches or less under
the surface. In the clay soil even two inches of covering
reduced the germination as oompared with one inoh. See
Table VI.
The one inoh soil covering did not reduce the germi-
nation as oompared with results obtained from samples ger-
minated under optimum conditions in a seed germinator at
alternating temperatures of 66° F. at night and 86° F. in
the daytime. The following figures show the germination
of the soybeans in the seed germinator and when covered
with one inoh of soil.
Variety Seed germinator 0n« inoh of
$ soil £
Habaro 93 93
Ito San 93 91
mini 9h 95
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The lengthening of the germinating period by deep
planting is illustrated in Figure I and Figure II. The
plants on the sandy loam made a much heavier leaf growth
than thoee on the olay soil.
The weights of the harvested plants given in Table IX
also bring out the differenoe in leaf development on the
two soils. The yields beoome progressively smaller as the
depth of seeding increases.
Habaro and Ito San seeded four inches deep appeared
above the surface slightly in advance of the same varie-
ties seeded three inches deep when grown on the sandy loam
soil. This reversal in the expected results may have been
due to the differenoe in weight of the seed samples used.
The samples of these varieties planted four inches deep
in the sandy loam soil weighed more than two grams per
100 seeds less than the samples planted three inohes deep.
The smaller cotyledons are able to push thru the soil
easier than the larger ones.
The plants did not have any more difficulty in
breaking thru the soil from depths of one and two inches
in the heavy olay soil than in the fine sandy soil. At
the deeper depths the plants were not able to push their
way thru the clay which formed a hard crust. The plants
which reached the surface from a depth of three or more
Inohes in the olay took advantage of the cracks which
appeared as the plants lifted the hard crust of the soil.
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In the lighter soil the hypocotyle was able to lift the
cotlydons thru the soil without the aid of cracks. This
fine sandy soil had a harder crust than would ever be
likely to form under field conditions with such a soil
type.
Figure III shows the effect of the different soil
types on the germination.
The difference in the type of growth on the two soils
is brought out in Figure IV. On the sandy loam soil the
first internodes are short and the leaf development is
heavy.
On the olay soil the first Internodes are long and
the leaf development is medium. These differences are not
pronounced in the Illini variety. See Table IX.
TEMPERATURE
The number of days between planting and germination
was shorter at the higher temperatures of the greenhouse
as compared with the lower ones in the glasshouse.
In the greenhouse the first plants broke thru the
soil five days after planting* This period was lengthened
to nineteen days under the oooler conditions of the glass-
house. The lower temperatures did not lengthen the period
in which new plants appeared above the surface. From four
to twenty days elapsed between the appearance of the first
and last sprouts in the greenhouse. In the glasshouse
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from five to twelve daya elapeed. The warm weather during
the tine when the plant e in the glasshouse were coming thru
the surface of the soil caused the plants to grow faster
than possible under cooler conditions. The large differ-
ences due to temperature are brought out in Figure V.
VARIETY DIFFERENCES
Habaro germinated as well on sandy soil when seeded
up to and including four inches in depth. Only a few
plants were able to push thru five inches of soil. The
smaller cotyledons of Illini and Ito San allowed a larger
number to push thru the soil from the deeper depths. See
Figure III.
The Habaro variety was the first to appear above the
sandy soil in the greenhouse (Figures VI, VIII, X) from a
depth of one inch. It required from six to fourteen days
longer for the soybeans to come up from two, three and four
inches. At the lower temperature of the glasshouse Habaro
planted one inch deep germinated more slowly than the other
varieties at the same depth. Illini the variety with the
smallest seeds germinated first in the sandy loam soil in
the glasshouse. See Figure X.
The Illini variety (Figures VII, IX and XI) gave the
best results of any of the varieties on the clay soil in the
glasshouse. The stands of all on the clay soil at cool tem-
peratures were reduced except of the Illini variety seeded
one inch deep.
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ABNORMAL!? TES II DEVELOPMENT
Two different types of mechanical injury were ob-
served in the plants on the olay soil. The plumules of
ten plants in the pot seeded five inches deep to the
Illini variety received such a heavy coating of clay when
coming thru the surface of the soil that they failed to
develop. A few plants were injured in this manner in the
other pots oontainlng clay.
Three instances were observed in which the cotyledons
were held by the soil so that elongation of the hypoootyle
caused this part to break in the bend next to the coty-
ledons.
In the sandy soil a number of plants wilted when from
one to three inches above the surface. The entire plant
was affected. From one to two days after wilting numerous
fungi infected the diseased plants. At the time of wilting
the cotyledons beoame shrunken and took on the appearance
which is normally gained when the cotyledonous food supply
is exhausted. Part of the cotyledons changed from green
to yellow in oolor and they became soft in texture. Wilted
plants were found only in pots where the seeding had been
three inches or more in depth. Both Illini and Ito San
varieties were affected. In the Illini seedings one plant
wilted when planted three Inches deep, one at four inches
and eight at five inches. In the four inch sseding of Ito
59
San nine plants succumbed to this diseased condition.
Wilting occurred at both cool and warm temperature. Habaro
showed no diseased plants in any of the pots. The cotyle-
dons of both Illlnl and Ito San are much smaller than those
of the Habaro variety. The food supply is thus more lim-
ited so that the plant beoomes exhausted before the leaf
area is large enough to furnish an adequate amount of food
and starvation results. The presence of fungi on the
wilted plants seemed to be a secondary result as a few of
the wilted plants were not so infected.
In a few oases the plumule reached the surface but
the cotyledons remained about an inch below the surface of
the soil. Such plumules never unfolded more than one or
two leaves and wilted when the food supply from the coty-
ledons was exhausted.
SUMMARY AID CONCLUSIONS OF PART II.
1. studies were made of the relation between depth
of seeding, else of eeed and temperature in Habaro, I to
San and 111 in i soybeans.
2. Soybeans are reduoed in stand by seeding deeper
than four inches in a light soil and three inches in a
clay soil.
3. Increasing the depth of planting of soybeans by
one inoh intervals causes a progressive lengthening of the
germination period.
Germination at cool temperatures is very slow but
proceeds more rapidly when the temperature rises. The
stand may be slightly reduced by cold weather during the
period of germination.
5. Smaller seeded varieties germinate quicker and
better at deeper depths of seeding than larger seeded va-
rieties. Starvation causes many plants to wilt and die In
the varieties with smaller cotyledons when planted four or
five inches deep*
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